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CHAPTER I 
THE PROBLEM 
Recent work in this laboratory has centered about the 
platinum metals and their complexes. The current activity 
in thin layer chromatography, and especially the work of 
Seiler in using the technique for inorganic applications, 
led to speculation regarding the separation and identifica-
tion of the platinum metal ions by thin layer chromatography. 
Specifically, then, the purpose of this study was two-
fold: (1) to find a suitable adsorbent and solvent system 
to separate some or all of the platinum meta.l ions; (2) to 
find appropriate locating agents, so thRt once the separation 
had been accomplished, the ions could be id.entified. 
CHAPTER II 
HISTORY OF THIN LAYER CHROMATOGRAPHY 
. The technique of thin layer chromatography has come 
into general practice only since 1958, and ·is currently o£ 
such widespread interest that four books have been written 
on the subject (11, 68, 86, 96). Since it shows promise of 
a widening influence, it seems appropriate to examine its 
historical background. 
A historical treatment of any topic entails an arbi-
trary judgment on the part of the historian as to what is · 
pertinent and what should be excluded from the discourse. 
Thus historical sketches of chromatography usually do not 
mention that chromatography on paper has a long history, 
dating back at least as far as Pliny the Elder (5). Simil-
arly, while the pioneering work in column chromatography of 
Tswett in 1903 is recognized, a number of other early con-
tributors have been found, perhaps the one of major import-
ance being David T. Day. 
Day was a geologist, mining engineer, and chemist who, 
just before 1900, was studying the origin of various Penn-
sylvania.oils. In 1897 he suggested that a number of seem-
ingly unrelated oil samples which differed in color, viscos-
ity::, specific weight, and sulfur content were all of common 
origin, but had been changed by what he termed a "fractional 
diffusion" process in the earth (23). He felt that this 
3 
geological process could be duplicated in the laboratory, 
and in 1900 and 1903 published (22, 24) results which showed 
a partial resolution of crude oil which, when passed through 
finely pulverized fuller's earth, gave lighter oils, heavier 
. oils, and petroleum jelly, similar to cuts obtained by frac-
tional distillation. A few years later Gilpin and his co-
workers, working under Day's guidance, were able to publish 
the results of more detailed experiments, in which oil com-
ponent resolution had been obtained in a large adsorption 
column (30, 31, 32). 
Day's earliest work thus preceded that of Tswett by. 
a few years, but it was Tswett who, in his more than fifty 
papers, laid the foundation for adsorption chromatographyo 
·In his landmark study in 1903 (98), the Russian botanist 
reported that, in attempting to separate plant pigments, he 
passed a petroleum ether solution of chlorophylls through a 
column of calcium carbonate, and observed that: , 
Like light rays in the spectrum the different 
components of pigment mixture, obeying a law, 
separate on the calcium carbonate column and can 
thus be qualitatively and quantitatively deter-
mined. I call such a preparation a chromatogram, 
and the corresponding method the chromatographic 
method •••• It is self-evident that the adsorption 
phenomena described are not restricted to the chlor-
ophyll pigments, and one must assume that all kinds 
of colored and colorless chemical compounds are sub-
ject to the same laws. 
There is no evidence to suggest that Day or Tsi-;ett 
were aware of each other's work. Interestingly enough, the 
work of these two pioneers, who were separated by half a 
I I. 
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world from each other, shared the same fate: It went essen-
tially unnoticed for over twenty-five years. 
The real development of adsorption chromatography 
began in 1931 when Kuhn, Lederer, and ·Winterstein (47, 48) 
used Tswett's technique to resolve, among other pigments, caro-
tene and xanthophyll into their isomeric components. Under the 
influence of the rediscovered technique, carotenoid chemistry 
developed rapidly in the following years, and a decided 
impetus was given to the investigation of leaf pigments, flav-
ines, and other natural pigments. The technique was also 
soon applied to the separation of colorless compounds, which 
necessitated the development of methods for location of com-
ponents. At this stage the term chromatography lost its 
restricted definition of separation of colored constituents 
and came to have its present broader meaning. 
Tswett column chromatography, however, had inherent 
limitations in that it relied on one solid phase and one 
liquid phase, and was primarily suitable for separating 
lipophilic substances. There was no chromatographic method 
for separating hydrophilic substances such as the consti-
tuents of polysaccharides and nucleic acids until 1941 
when Martin and Synge (58) decided to use an adsorbent 
column with two liquid phases, thus introducing partition 
chromatography. One aqueous phase was made stationary by 
adsorbing it onto a silica gel support. Amino acids were 
then adsorbed onto the top section of the column and a pure 
organic solvent was passed down the column, causing the 
compounds to partition differentially between the two 
phases, thus effecting a separationo 
For some time efforts had been made to adapt column 
chromatography to a micro scale by reducing the diameter of 
the columns. Difficulties of component location and iden-
tification arose, however, when column diameters of one 
millimeter were approached. These problems were surmounted 
by· changing from the then-current "closed" column to the 
11open 11 column represented by a layered adsorbent. In 1944 
Consden, Gordon, and Martin (18) performed a major accom-
plishment by separating amino acids using filter paper as 
the "column." In this case cellulose acts as the support, 
the aqueous phase is the bound ~<Tater on the cellulose, and 
the second liquid phase is the flowing solvent. This work 
and that which followed led Turba (99) to say: 
Only those who have carried out an amino acid 
analysis by the older methods can fully appre-
ciate the advance that these techniques repre-
sent over the earlier procedures of E. Fischer, 
Dakin, etc. These led to only a partial separ-
ation after several hundred working hours of 
tedious operations and con~iderable loss of 
material. Against this, a complete analysis by 
modern chromatographic methods takes only a few 
days, the process runs automatically, and 
requires only a few milligrams of the mixture 
compared with the one-hundred grams or so required 
for the classical procedures. More peptides 
were isolated and their structures determined in 
a few years by partition chromatography than by 
the older methods in the preceding decades. 
After this dramatic success many applications of 
paper chromatography followed, so that by 1956 over ten-
5 
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thousand papers had been published on this subject. So 
impressive were the results that it is perhaps natural that 
for some ten years the limitations of paper chromatography 
were not clearly recognized. Considerable difficulties are 
encountered when the method is applied to the kind of 
lipophilic substances which are so easily separated by the 
Tswett adsorption technique, and these difficulties are only 
partly overcome by such devices as impregnating the paper 
with an adsorbent or by chang'ing the chemical composition of 
the cellulose. 
The field was thus ripe for the introduction of a 
layer of adsorbent on an inert support. The principles of 
thin layer chromatography had already been described in 
1938 by Izmailov and Shraiber (38), who separated plant 
extracts on glass plates coated with alumina. One drop of 
the alcoholic plant extract was then applied to the layer, 
and fractionation occurred in concentric rings. These ring 
chromatograms were then compared with corresponding column 
chromatograms, and the advantages of the nev-1 method were 
described, including the savings in time and the applicability 
to the micro scale. 
The technique lay essentially undeveloped for some 
years, perhaps due to the successes of partition column, 
paper, and gas chromatography. In 1941 Crowe (19) used 
loose layers of adsorbents on glass plates, but only in 
tests preliminary to column chromatography. In 1947 
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Williams (102) carried out chromatography on layers of 
adsorb en ts betw·een two glass plates, presaging the most modern 
"sandwich" technique in thin layer chromatography, but he 
too used the concentric ring technique rather than the ver-
tical flow technique that later developed. In 1949 Meinha~d 
and Hall (59) were the first to use a binding agent to give 
the layers greater mechanical stability. Beginning in 1951 
Kirchner and Miller (43) developed the procedure further, 
showing that it could be used to separate and identify 
terpanes, and for the first time used the ascending techni.que, 
as in paper chromatography. In 1954 Reitsema (70) broke 
away from the use of narrow glass plates, showing instead 
that wider glass plates allowed several samples to be run 
sim~ltaneously, and in addition could be used for two-dimen-
sional chromatograms. 
It will be noted that the development of thin layer 
chromatography, beginning with the work of Izmailov and 
Shraiber, was sporadic, with periods of two to six years 
between advances. Stahl (87) notes that: 
It is astonishing that almost all authors abandoned 
the method, although this may be due to the fact 
that results lvere least satisfactory when separating 
esse'ntial oils, and considerable variation of Rf 
values occurred because factors influencing them 
were yet unknown •• o. I'Tha tever the reason, however, 
the universal applicability and numerous additional 
advantages of surface chromatography remained 
unexplored. 
Egon Stahl then supplied the needed impetus for the 
development and application of thin layer chromatography. 
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Starting with the problem o£ separating the constituents 
o£ plant cells, he investigated a number o£ plate materials 
and adsorben ts, and in 19 56 reported .that a thin layer of 
£ine silica gel on a glass plate was most suitable (83). 
This worlt: also aroused little interest, so Stahl addressed· 
himself to the'obstacles which remained to the more wide-
spread use o£ the technique. He investigated standardization 
of the methodt the design of suitable equipment to form a 
basic kit, the development o£ a commercially-available 
adsorbent o£ standard composition, and the scope o£ applicab-
ility o£ the method. The results were reported in 1958 (84) 
in a paper which aroused great interest because of the short 
separation times and excellent resolutions obtained. Com-
mercial apparatus for thin layer chromatography became 
available as a result of these studies and since 1958 the 
outpouring o£ articles has been such that a recent review 
by Erich He£tman (33) includes the statement that "TLC 
commands greater attention than paper chromatography by 
nov-r. 11 The same article lists fi£teen general reviews of 
thin layer chromatography, nine more specialized reviews of 
thin layer chromatography, and a total of 1,766 references 
£or both column and sheet chromatography. 
As this chapter was being written a new bibliography 
was received (45) which is devoted solely to thin layer 
chromatography. It lists 82i references, together with the 
statement that "the total number of papers published in the 
Q, 
last six years ••• is now estimated to exceed 5,000." 
The chronological development of thin layer chrom-
atography is .summarized pictorially in Figure 1. The two 
sides of the figure correspond to the two main streams of 
d$Velopm~nt with1n the growth ot thin layer ohromatography. · 
lO 
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CHRONOLOGICAL DEVELOPMENT OF THIN LAYER CHROMATOGRAPHY 
CHAPTER III 
THEORY OF THIN LAYER CHROMATOGRAPHY 
Thin layer chromatography denotes a procedure in 
which a solution of substances to be separated is spotted 
on a layer of adsorbent on a glass plate, after which the 
plate is subjected to a solvent flow and the substances 
are carried along to distances v-rhich are characteristic 
for each species. Two mechanisms are probably of major 
importance in that movement; the reversible adsorption on 
the surface of the adsorbent, and the partitioning of the 
moving compounds between the solvent stream and the bound 
water of the adsorbent layero Ion-exchange may alsri be 
·involved, depending upon which adsorbent is used, but fund-
amentally thin layer chromatography is adsorption and par-
tition chromatography, the relative importance of each 
depending upon the operating conditions and the chromato-
graphic components. 
There is, how· ever, no agreement a bout the nature of 
thin layer chromatographyo For example, note the state-
ment by Randerath (69): "In practice, a combination of 
adsorption, ion-~xchange and partition chromatography is 
usually involved, with one or the other of the types pre-
dominating." This view may be contrasted with that of 
Truter (97): "Thin film chromatography on silica gel or 
alumina is an adsorptive process; the small amount of res-
12 
idual water is so strongly adsorbed that partition plays no 
part in the resolution of mixtures." Though this uncertainty 
.about the nature of thin layer chromatography exists, there 
are nevertheless guidelines to choosing an adsorbent and 
solvent system, based upon both laboratory experience and 
knowledge of the nature of adsorption and partition chroma-
tography. 
In the following discussion, the essential parameter 
Rf is defined as: 
distance traveled by the component 
distance traveled qy the solvent front 
with the denominator arbitrarily set in practice at ten 
centimeters. 
I~t is known that equili briurn adsorption isotherms are 
essentially parabolic, but that linearity is approached at 
low solute concentrations. Two extreme cases of this ideal 
linearity may be considered: 
Case I; The adsorption isotherm coincides with 
the ordinate; i.e., the substance is irreversibly 
adsorbed, remains at the starting point, and Rf = o. 
Case II: The adsorption isotherm coincides with 
the abscissa; i.e., the substance is not adsorbed 
at all, it travels with the solvent front, and 
Rf = 1. 
These t1-w limiting cases of ideal linearity are 
shown in Figure 2. 
If the adsorption isotherm lies between these extremes, 
then the compound will be transported-to an extent deter-
mined by the steepness of the isotherm; if the isotherm 
lies close to the ordinate the substance will not travel 
13 
appreciably and will have a low Rf value,' approximating 
Case I, but if the isotherm lies close to the abscissa the 
substance will travel appreciably and have a high Rf value, 
approximating Case II. 
CASE I 
Rf = 0 
Cs 
FIGURE 2 
CASE II 
Rf = 1 
LIMITING CASES FOR IDEAL ADSORPTION ISOTHE~1S. C = CONC-
ENTRATION ON ADSORBENT, Cs = CONCENTRATION IN s8LVENT. 
If the isotherms for substances A and B approximate 
ideal cases I and II respectively, and if an equimolar sol-
ution of A and B is spotted on the adsorbent and subjected 
to a solvent flow, then an idealized thin layer chromato-
gram will result, so long as adsorption equilibrium is 
continually established immediately, and no diffusion occurs. 
In Figure 3 it will be seen that, due to its steeper isotherm, 
the concentration of A on the adsorbent exceeds that of B, 
and its spot size is smaller than that of B. Both spots 
have sharp boundaries, and the concentration vri thin them is 
uniform. 
In practice, a number of deviations from ideality 
occur. Adsorption equilibrium is not established instan-
taneously, and there is usually some diffusion, so the con-
centration in the spots decreases toward the edges. In add-
ition, the adsorption isotherm is somewhat curved, .since 
the most· active adsorbent si t'es are occupied first (and 
vacated last) and adsorptive power falls off sharply as a 
result, though only a small proportion of available sites 
is occupied. Thus the advancing spot front is well-defined, 
but the trailing spot edge is more diffuse, giving rise·to 
a comet shape·, or "tailing. 11 The result of all of these 
deviations from ideality gives rise to the kind of chroma-
togram shown in Figure 4. 
In any chromatographic separation the first consider-
ation is that the substances to be separated must move from 
the starting point 1-rhen subjected to the solvent flow, after 
' 
which the problem becomes one of effecting differences in 
the degree of transport. It 1vould seem that, since the 
total chromatographic environment depends upon the substan-
ces to be separated, the adsorbent, and the solvent system, 
,. 
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there would be three variable components, but in practice 
the first is held constant, the adsorbent choice is usually 
narrowed down to what is commercially available or has been 
found to work before, and it is the solvent system which is 
varied in order to effect the separationo 
Most of the small amount of work which has been done 
·on inorganic thin layer chromatography has used silica gel, 
but a number of other adsorbents such as cellulose, alumina, 
and Kieselguhr have been found useful for separating various 
classes of organic compounds. These adsorbents have been 
found to 4iffer in adsorptive strength for particular 
applications, and a number of lists have been published in 
which adsorbents are ranked in order of increasing strength, 
or activity, as in Table I, taken from the work of Strain (90). 
TABLE I 
ADSORBENTS IN ORDER OF INCREASING STRENGTH* 
sucrose, starch 
insulin 
magnesium citrate 
talc 
sodium carbonate 
potassium carbonate 
calcium carbonate 
magnesium carbonate 
magnesia (Merck) 
~activated silica 
activated magnesium silicate 
activated alumina, activated charcoal 
and activated magnesia 
* strength increases downwards 
18 
These lists give only rough estimates of adsorptive strength, 
as adsorptive properties can be altered considerably both by 
the rest of the chromatographic environment and by laboratory 
operations. 
Solvent systems have also been found to differ in 
their eluting power, and lists of solvents arranged accord-
ing to this property are available in the literature, being 
termed eluotropic series, an example of vThich is gj,ven in 
Table Ir,· from the rrork of Trappe (95). Such series are also 
available for a number of t-vro- or three-component systems~ 
In any given chromatographic separation, then, the . 
investigator proceeds empirically, using lists of adsorbents 
TABLE II 
ELUOTROPIC SERIES OF SOLVENTS* 
petroleum ether 
cyclohexane 
carbon tetrachloride 
trichloroethylene 
toluene 
benzene 
methylene dichloride 
chloroform 
diethyl ether 
ethyl acetate. 
pyridine 
acetone 
n-propanol 
ethanol 
methanol 
water 
* eluting power increases downwards 
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and solvents such as those in Tables I and II, being mindful 
that active adsorbents promote polarity best and that the 
stronger eluting agents are generally more polaro If, for 
example, the substances to be separated are non-polar, then 
the rule o! solubility that like dissolves like would indi-
cate that a non-polar solvent would favor partition into the 
solvent stream. In order to promote adsorption, however,, it 
would be best to use an adsorbent of high polarity-inducing 
strength; i~e., of high activity~ Thus the best preliminary 
estimate is that for non-polar substances it would be best 
to combine a non-polar solvent with an active adsorbent~ 
Similarly, the best preliminary estimate for separating 
polar substances is that it would be best to use a polar 
solvent in conjunction with a less active adsorbent. 
These general guidelines were summarized pictorially 
by Stahl in 1959, as shovrn in Figure 5o The central triangle 
is. free to rotate, so that one of the apices can be pointed 
to·the degree of polarity of the substances to be separated. 
The other apices will then give an indication of the polarity 
of the solvent system that should be used and the adsorbent 
activity that would be most suitable. These are only, hovr-
ever, rough guidelines, for, as Stahl himself points out, "It 
is not po·ssible, in the light of present knowledge, to lay 
do1in optimum separation conditions for the majority of mix-
tures, as the method itself is still in the stage of develop-
ment, and new data are constantly being obtainedo" (88) 
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A more general and mathematical treatment of the 
theory of thin layer chromatography is available (89), but 
is both beyond the scope of this discussion and of limited 
significance to the present problem. 
21 
CHAPTER IV 
RELATED STUDIES 
A review of some of the literature that may apply to 
the present'problem is outlined in the following paragraphs. 
A more extensive treatment of general chromatographic 
studies may be found in some of the recent books, review 
articles and bibliographies {86, 33, 45) as well as in the 
Bibliography Section of each issue of the Journal £f 
Chromatoe;.raphy. 
A. INORGANIC CHROMATOGRAPHY 
Reviews of inorganic chromatography {53) include a 
book (63) and articles dealing wi.th paper chromatography (52), 
reversed-phase chromatography (55), and thin layer chromato-
graphy (77). Interest in inorganic gas chromatography is 
also increasing: studies have been made of volatile halides, 
hydrides, organometallic compounds, and metal chelates of 
tri- and hexafluoro-acetylacetone {39). 
The following paragraphs represent the highlights of 
the "Inorganic Ions" section of a recent extensive review 
article ( 33). 
Inorganic classical adsorption (Tswett) chromatography 
on ·columns of adsorben ts such as alumina or silica gel is 
now not as frequent as is the use of columnar precipitation 
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and complexing chromatography. For partition columns, 
reversed-pha.se systems are now generally preferred; stationary 
pha.ses such as 2-octanone and tributyl phosphate have given 
excellent resolutions. It has also been found that when 
tributyl phosphate is used as the moving solvent system, the 
rare earths are eluted in order of increasing atomic number. 
A number of extensive schemes for the paper chromato-
graphic separation of both cations and anions have been 
published. The solvent systems employed for cations were 
generally of the mixed alcohol-acid type, but aqueous systems 
of acids and salts have also been used successfully. Organic 
solvents have also been used in inorganic paper chromato-
graphy; some specific examples are chloroform, ether, and 
tributyl phosphate. Cations have been chromatographed as 
complexes or by subjecting to complex-forming solvents, or 
on paper treated with complexing or precipitating agents 
such as 8-quinolinol, dimethylglyoxime, dithizone, sodium 
thiosulphate, and potassium iodide. Paper chromatography.has 
also been used for quantitative determination of inorganic 
compounds by means of retention analysis, spot-area measure-
ment, densitometry, and elution followed by colorimetry, 
iodimetry, flame spectrophotometry, impedance measurement, 
or ring-oven determination. 
Paper Rf values have been found to be affected by 
changes in acidity, temperature, and humidity. 
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B. INORGANIC THIN . LAYER CHROMATOGRAPHY 
• Thin layer Chromatography has since its beginning been 
used almost exclusively for organic applications, and a 
recent bibliography (45) shows that this is still true; of 
the 821 references listed in it, onlY. 18 involve inorganic 
· compounds~ It is of interest to note that seven of those . 
eighteen are from the work of H~ Seiler. 
In 1949 Meinhard and Hall (59) introduced the use of a 
binder in ,using coated glass slides; what is usually not 
noted is that they used their new technique in an inorganic 
problem, separating and identifying iron (III) and zinc (II) 
ions. Not until 1960, two years after the start of thin 
layer chromatography as we now know it, was there another 
report of inorganic interest. In that year Seiler and 
Seiler (81) studied the separation of twelve cations in the 
copper and ammonium sulfide groups. They found that silica 
gel G had to be purified, and that Rf values were difficult 
to duplicate, but that ions could be detected by relative 
position and characteristic or imparted colors. In a second 
paper in 1961, Seiler and Seiler (82) achieved the separa-
tion and identification of uo~+ from other cations and of 
Ga (III) from Al (III). 
Seiler and Rothweiler (80) separated the alkali group 
but found that the use of violuric acid as a locating agent 
necessitated careful purification of the adsorbent. More 
recently Druding (25) has shown that tetracyanodiquino-
methanide can be used for locating the alkali metals. 
Seiler and Kaffenberger (79} separated the sodium 
and .Potassium halides, finding the migration sequence 
r- > Br- > 01- > F-. Seiler was also able to separate a 
number of phosphate anions (74}. In an investigation of 
theoretical considerations regarding thin layer chromato-
graphy, Seiler (75}. found that the ion-exchange properties 
of the adsorbent and the coordination tendencies of the 
. solvent were rate-of-migration-determining factors. 
Investigating the quantitativ~ determination of cations, 
Seiler (76) found that in using spot area, densitometry, 
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and radioactive tracer methods, the tracer method was the 
most effective, giving results to within! 1%. More recently 
Moghissi (62} has studied inorganic radioactive TLO, and 
Purdy and Truter (67) investigated treatment of data for 
quantitative TLO. In 1963 Seiler, Biebricher, and Erlenmayer 
(78) showed that thin layer chromatography could also be 
used to separate cis- and trans- isomers of cobalt complexes. 
Aside from the eight papers by Seiler that have been 
cited, there is only one other sustained effort in the 
field of inorganic thin layer chromatography; the work of 
the Takitani group, reported in three papers which have 
been overlooked by the two most recent bibliographies. In 
the first paper, Takitani ~ ~· (91) separated 24 common 
cations, using three different solvent systems in a modified 
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deve.loping chamber. In a second paper (92) it was shown 
that the identification of cations was not influenced by 
various anions, and a systematic analytical scheme is sug-. 
gested. Identification limits were said to be 10 to 100 
times as sensitive as in paper chromatography. In a third 
paper in 1964 Kawanabe, Takitani, ~ ~· (42) investigated 
the analysis of 19 anions, using three different eluting 
systems. . 
In other studies, Hu (37) separated Ti, Zr, Th,· So 
and U, and Pierce and Flint (66) achieved the separation 
of the rare earths. Thin layer chromatography is also begin-
ning to be used for detecting metal ions of toxicological 
interest (61, 46), and for separating fission products (14), 
phosphoric acids, salts, and esters (7, 16, 44» 71), and 
organometallic compounds (15, 73)• In addition to the usual 
adsorbents, ion-exchange resins are being used (8, 103) for 
the separation of cations and anions. The separation of 
metal complexes is currently being studied by Hranisavl-
jevic-Jakovljevic, et ~· (35, 36), who have separated some 
dithizonates of both common and noble metal ions. Finally, 
it may be of interest to cite two unusual studies; Druding 
(26) has used molten salts for inorganic TLC, and Turina, 
et §!:1_. (100) have adapted TLC to a continuous separation of 
iron and cobalt compounds. 
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O. PLATINUM METAL STUDIES 
/ 
Studies of platinum metal separations and reactions 
were not heaVily relied upon. because reactions in aqueous 
solutions or even separations via paper chromatography are 
not usually duplicated in thin layer chromatography. Never• 
theless,. a few related studies were found useful for sug-
gestions regarding complex1ng and locating agents, and 
general reactions~ 
The· comprehensive volumes by Mellor (60) were used as 
a general reference tor characteristic properties and react-
16nso The text by Clifford (17) has a useful section on 
analytical separations of the platinum metals. Feigl 1 s 
classi.c book on spot tests (28) and the B.D.H. manual (3) 
were both used tor suggestions regarding locating agents. 
A:yres and his co-workers have done a number of studies on 
platinum metals separations and colored complexes; one 
paper ( 1 ) summarized the results. A number of spectro-
photometric studies have been made of the platinum metal 
complexes with tin II chloride ( 2, 21) or bromide (65, 9 ). 
A recent paper by Bagliano ( 4) on the complexes of iri-
dium III and iridium IV with stannous bromide reported 
results obtained by paper chromatographic, paper electro-
phoretic, and spectrophotometric methods~ 
Lederer has used paper chromatography to study the 
,, 
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compounds of bivalent tin with the platinum metals (54), 
thiourea complexes of ruthenium and osmium (50), and the 
detection of ruthenium and rhodium in radioactive fission 
products (51), and has used paper electrophoresis and ion-
exchange chromatography to study some rhodium III complexes 
(49)~ A number of ion-exchange separations of the platinum 
metals are reported in a recent book (72). 
Paper chromatographic separations of the platinum 
metal ions are reported in a number of papers. Pfeil and 
Wachsman (64) achieved a separation I'Ti th a solvent system 
of n-butanol saturated with 3N hydrochloric acid. Majumda~ 
and Ohakrabartty (56) achieved a separation of the metal ions 
from each other and from gold III, taking 1-2 hours for a 
complete determination~ Kao and Sun (41) used a thiocyanic 
acid system for separation, and Kao and Chang (40) used 
acidified ketone solvents~ In a tabulated section on the 
paper chromatography of inorganic· ions, Duffield (27) refers 
to a platinum metals separation, and another book (10) cites 
a separation using both plain paper and paper impregnated 
with NaCl~ 
I ; 
OHAPTER.V 
EXPERIMENTAL DETAILS 
T.he instruments, apparatus, chemicals, and procedures 
used in this study are described in this chapter. 
A. INSTRUMENTS AND APPARATUS 
The Desaga-Brinkman Fixed-Thickness Applicator, with 
275u gate, was used for coating the 200 x 200 mm. Standard 
. Glass plates. 
De saga developing tanks with ground-gl.ass covers were 
used for plate development. 
Both Desaga 10 ul and Research Specialties 2 ul 
pipettes were used for plate spotting. 
An Ambroid Company "Jet Pak" unit of Freon-12 was used 
for spraying locating agents. 
Drying after spraying was accomplished by means of a 
hand-operated electrical air blast dryer. 
B. CHEMICALS 
·Adsorbent. Merck Silica Gel G and Merck Silica Gel HR 
were used as adsorbents. 
Solids. The platinum metals as their chlorides were 
all obtained from K & K Laboratories. The samples were 
labeled as "ruthenium trichlorideoH20," "rhodium chloride 
trihydrate," "osmium III chloride," "iridium trichloride," 
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"palladium chloride PdCl2," and "plat:l,num chloride PtCl4• 
6 H20 •" Aqueous 0.1 M solutions were made of each of these. 
The following locating agents were obtained from the 
British Drug Houses Ltd. "B.D.H. Spot Test Outfit": d1methyl-
glyox1me, d1th1zone (diphenylthiocarbazone), rubeanic acid 
(dithiooxamide), thiourea. 
Eastman Organic Chemicals suppiied the following: 
8-hydroxyquinoline, benzidine, violuric acida 
All locating agents were prepared as 1% methanolic 
solutions. 
Liguids. Acetone and methanol were obtained from . 
the B K H Division of Van Waters and Rogers. 
The absolute alcohol was obtained from Commercial 
Solvents Corporation. 
Sodium hypochlorite was used as the 5o25% solution 
available. as "Clorox." 
The hydrobromic acid, 47-49%, was obtained from the 
J.T. Baker Chemical Company. 
The 2-aminoethanol was from Eastman Organic Chemicals. 
C. PROCEDURE 
The glass plates were scrtibbed with household cleanser, 
rinsed with deionized water, and oven dried. They were 
then aligned on the Desaga Plexiglas Mounting Board, with 
a drop of water under each to keep the plates from moving. 
(o 
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Twenty~five grams of the silica gel were mixed with 
fifty milliliters of deionized water in a stoppered 250 ml 
Erlenmeyer flask. The lumpy mass was then shaken vigorously 
until a free-flowing slurry was obtained. This was spread 
on the glas.s plates w1 th the De saga Applicator and the 
plates were allowed to dry overnight, or for at least four 
hours. When ready for use the plate_~_(ig_es _we_!'~_~<?_r_::t_pe)~_~]:'e~--
-~-
of any adhering silica gel and the layer edges were trimmed 
smooth.with a spatula, in order to eliminate the uneven 
solvent front which results from so-called "edge-effects" 
(13). Using the Desaga Labeling Template and a stylus, a 
line was scratched on the layer ten centimeters from the 
point where the spots were to be applied. One or two micro-
liter spots of the solutions of the metals or mixtures 
were then applied by means of a micropipette, keeping the 
spot size down to approximately 30 mm? in order to aid 
spot definition after developmento 
Developing tanks were fitted with two circular pieces 
of Wllatman Noo 1 filter paper, 24 em. in diameter, folded 
in such a way as to fit into the tank corners and cover 
the back of the tank and half of both sideso The solvent 
system was then placed in the tank and the tank allowed to 
come to equilibrium for at least an hour, and usually over-
ni~hto 
The spotted thin layer plates were then developed in 
the equilibrated tank witho~t pre-exposure to the solvent 
atmosphere, care being exercised to place the plates in 
the tank evenly, in order to promote a uniform solvent 
front during development. 
When the. solvent front reached the soratohed ten-
centimeter line the plates were withdrawn from the tank 
and dried under the mounted air blower. The locating 
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agent was then sprayed on, using the spraying pattern 
suggested by Waldi (101). The plates were then quickly dried 
by warm air from the air blower, so that spot diffusion 
would not occur. 
In order to make a permanent record of the chromato-
gram ("documentation"), notes as to spot colors were etched 
with a stylus on the layer, and the individual spot out-
line was traced. The plates were then carefully placed 
face downward on the glass plate of a 914 Xerox Copier and . 
"xeroxed~" as suggested by Hilton and Hall (34). It was 
found that better copies were made when the Xerox cover was 
not placed over the glass plate. 
CHAPTER VI 
EXPERIMENTAL RESULTS 
It has previously been established that the approach 
to this problem is empirical. Preliminary studies were 
therefore instituted, using 0.1 M. Fe III, Co II and Ni II 
n-1-t-!!a-t-e-s-in-the----i-n-t e-~e-s-t-0-f-e-c e-nemy--,--- te- -d-e-term-ine- w-h-1-ch--- -------- -------- - ---
adsorbent gave the best results and was the most convenient 
to use. 
A. PRELIMINARY STUDIES 
Using Seiler's work as a point of departure, it was 
decided to try silica gel G as the layered adsorbent. 
Seiler's findings (81) were corroborated; commercial silica 
gel G is contaminated with iron salts which give a yellow 
• 
solvent front when subjected to a polar solvent such as 
acetone- 3N HCl (99:1 volume to volume ratio). Since the 
locating of cations is determined by natural or imparted 
color, it was necessary to remove the iron. Using Seiler's 
method of purification, 250 gms. of silica gel G were mixed 
with 500 ml. of 1:1 concentrated HCl:H20, allowed to stand 
overnight, filtered through a Buchner funnel, washed with a 
total of 1.000 ml. of deionized water, washed with 250 ml. of 
benzene, and placed in an oven at 110°C to dry. Layers 
prepared from this purified silica gel were in fact free of 
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residual iron_, but they had a coarse lumpy texture and were 
therefore of uncertain solvent flow characteristics. Vigor-
ous· shaking of the slurry before application to the glass 
) 
plates made no improvement, nor did dry or wet grinding with 
a mortar and pestle. ·In addition to this difficulty, it was 
also noted that the thin layer was sometimes mechanically 
washes out the CaS04 binder which is included in silica gel 
G. Rather than work with fragile uneven layers or add a 
starch binder to the purified silica gel, which might then 
become contaminated with metal salts again, an attempt was 
made to purify the layer itself. A technical bulletin (93) 
suggested that plates could be "pre-developed" with a 9:1 
mlxture of methanol-concentrated HCl to a height of 18 em., 
leaving the lower 10 em. free of contaminating salts. This 
was attempted, and did give a lower plate section that was 
free of contaminating Fe III, but an area extending from the 
bottom of the layer upwards to 2 or 3 em. was more opaque 
after this treatment, and had an uneven front. The results 
of this pre-development thus did not look promising. 
An attempt to use cellulose powder MN3000 as the adsorb-
ant seemed promising, giving thin layer plates of a good even 
texture, but when the coated plates were dried in an oven 
("activated") at 106°0. prior to development, the cellulose 
la~er charred. If unactivated plates were to be used, care 
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in avoiding charring still had to be exercised during the 
process of locating, when a hot-air blower was used. A 
cellulose adsorbent thus had some of the limitations inher-
ent in paper chromatography, and was abandoned. 
A phosphor is sometimes incorporated in an adsorbent 
so that location cari be accomplished by examining under a 
resulting in dark spots at their site. In an attempt to 
determine the feasibility of 16cation by this method, 
approximately 0.1 gm. of Research Specialties phosphor was 
added to a 25 gm. batch of purified silica gel G, then the 
plates were coated as usual. Upon drying, the plates were 
examined under a UV lamp and an even glow over the entire 
plate was observed. Unfortunately, after spotting and 
developing as usual, it was found that the phosphor was 
washed upwards, so that examination under a UV lamp revealed 
a portion of the total silica gel layer to be dark, rather 
than just the spots where the compounds were situatedo 
Eiidently the polar nature of the solvents necessary for 
inorganic thin layer work have an affinity for the polar 
phosphor, and this method of location cannot be used in the 
present study. Location thus would have to be accomplished 
by natural or imparted coloration. 
· Results to this point indicated that Merck silica gel 
HR should be used. This adsorbent has an inorganic binder 
; 
and is free of contaminating cations. Plates prepared with 
it gave smooth layers of good mechanical stability, free of 
undesired side color reactions. 
Once having settled upon an adsorbent, it became 
necessary to fix the activity of·the layer by standardizing 
the method of its preparation. Both the Takitani and Seiler 
g-:reups-had-used-pj:-ates-whi:c-:n ··were-EcctTvate_d--by-heating; ·out-
producing thin layer plates of uniform activity is difficult, 
as shown by Seiler's reluctance to report specific Rf values, 
preferring instead to report general'sequence of migration. 
Reproducibility of thin layer Rf values has been shown to be 
just as good as in paper chromatography (6, 20, 29) i.e., to 
!0.01, but a number of variables have to be carefully con-
trolledo In the present instance it would have meant 
activating the plates in an oven at 11ooc. for a standardized 
period of time, storing the plates in a dessicator, and 
carefully controlling the time of exposure to the laboratory 
atmosphere during spotting, for it is known that active 
plates ,lose their activity upon exposure to air by adsorbing 
water from it, and that even breathing upon them can cause 
errors in precise Rf valueso 
It seemed more appropriate, therefore, to avoid trying 
to control all the variables involved in using plates of high 
activity, and to work with plates that were less active. In 
any case, Seiler's own suggesti~n of the relationship between 
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chromatographic components, shown in Figure 5 on page 20, 
suggested the use of inactive plates when separating' polar 
substances with a polar solvent system, as in this study. In 
order to promote both low activity and uniformity, then, it 
became standard practice to allow.the plates to air dry over-
night in the laboratory atmosphere, and to store them in a 
dust, and to avoid excessive use of volatile solvents in the 
laboratory. Figure 6 shows the effect of air and oven drying 
upon a separation of iron, cobalt and nickel ions. It will 
be seen that the less active air-dried plate gave a better 
separation than the more active oven-dried plate. 
It was felt that changes in thin layer activity due to 
daily changes in relative humidity would be negligible; in 
any case the purpose of this study was not so much to report 
absolute Rf values as it was to effect a separation of the 
platinum metals. However, in order to check on the stability 
of plate activity over a period of time, four thin layer 
plates from the same batch were allowed to stand in the 
laboratory for varying periods, then spotted with each of 
the 0.1 M solutions of the platinum metal chlorides and 
developed in the same developing tank. The first coated 
plate, shown in Figure 7, was kept in the laboratory for 24 
hours, and the succeeding plates were developed at 24-hour 
intervals, to a maximum of tour days. Figures 8, 9, and 10 
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show the other chromatograms, and all the results are 
summarized in Table III and the graph in Figure 11. Rf 
ranges, from the top and bottom of the spots, were measured 
rather than Rf values based upon the spot center. While 
some variation of Rf ranges is shown in Figure 10, no 
definite trends were visible, and it may be said that plate 
-ac-ti-v-i-t~-i-s-es-sen-t1;a.-±l-y--cor..s'ban-t -o·ver a -per:tod -of -i'our -days,-----
and that no special precautions for storing the coated plates 
was needed• except as previously noted. In practice, the 
coated plates were usually used within 48 hours, and the 
developing tanks were charged with fre·sh solvent every three 
or four days, as it was noticed that after this time the 
solvent changed color. 
B. FINDING THE ~~JOR SOLV~1T COMPONENT 
The decision to standardize upon Merck silica gel HR, 
air dried, fixed the second of the three chromatographic 
components, leaving only the composition of the solvent 
system as a variable. The degrees of freedom of attack upon 
this separation of cations was thus curtailed, and there was 
no assurance that a solvent system could be found that would 
accomplish the separation under this new restrictiono 
Nevertheless, an attempt at separation was made by using 
each of the solvents in an eluotropic series in turn. The 
immediate objective was not to find a solvent that would 
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TABLE III · 
STABILITY OF PLATE ACTIVITY V.JITH TD1E~~ 
Rr Ranges 
Ru III Os III Rh III Ir III 
0. 00-0 • 33 -:H~- 0.00-0.25 0.38-0.50 0.13-0.28 
o.oo:...o.33 0.00-0.35 0.40-0.51 0.15-0.29 
0. 00..:.0. 34-:H~ 0.00-0.25 0.41-0.49 J!. 0.07-IT 
0.00-0.21 0.00-0.21 0.10-0.56 0.13-0.27 
I Pd II Pt IV 
I 
I 
. 0.49-0.57 o. 40-0.49 
0.47-0.56 0.43-0.49 
I 0.47-0.54 o. 44-0 • .50 
; 0.46-0.56 0.42-0.50 
-:<Layer: silica gel HR air dried. Loading: 2 ml. 0.1 N 'solutions. Solvent: 
acetone. Locating agent: none. 
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acco!Ilplish the separation in toto--a highly improbable 
occurrence--but rather to find one that would move the 
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compounds from the spotting points, not carry them with the 
solvent front, and preferably show some differentiation in 
degree of transport. In terms of Rf values this meant 
finding a solvent system where not all R 's = 0.00 or Rf's = 
f 
-1:--------cJl. 00-, -and-:tn-wh:t-c11-Rf~Rf-,-w~th __ .,x 11-a.:rl.-d--11Y11 rep re-s en t1ng 
X y 
any two of the platinum metal ions. 
Since an inactive plate was being used to separate 
polar compounds, the more polar solvents in an eluotropic 
series would give the greatest chance of success. Hence it 
was not necessary to begin with the less polar solvents such 
as carbon tetrachloride or benzene that are usually found at 
the beginning of an eluotropic series. Since all eluotropic 
series of solvents are very similar, any of them would be 
appropria~e, and the one shown in Table II on page 18 was 
used as a guide. The more polar solvents there consist of 
acetone, alcohols of decreasing carbon chain length, and 
water. Acetone had already been used, but each of the other 
solvents were now used in turn, and the chromatograms which 
resulted are shown in· the eluotropic series figures, Figure 
12 (n-butanol), Figure 13 (n-propanol), Figure 14 (ethanol), 
Figure 15 (methanol), and Figure 16 (water). With water as 
the solvent, it will be seen that almost all Rf values were 
1.00, except for ruthenium, and that the equimolar mixture 
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of all six .of the platinum salts was not separated, but 
traveled as one spot. The results with methanol were the 
·same: no differentiation between spots, and no separation 
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of the six ions. The results with ethanol also showed poor 
separation and poor differentiation, gave poor spot definition 
with ruthenium (resulting in a long blur rather than a spot), 
and showed osmium as two spotso .With n-propanol four of the 
six gave long tails, and separation was poor. With n-butanol 
there was for the first time slight differentiation, but the 
tails with ruthenium and osmium and the lack of separation 
of the mixture into several spots outweighed this small 
advantage. n-Butanol also offered one serious disadvantage in 
that it took seventy minutes for development. 
For the series as a whole, it was of passing interest 
to note that as the solvent system became more polar, the 
. time of development decreased, and in particular that for the 
alcohol series, decreasing the carbon chain by one carbon 
decrease.d the time of development by approximately 17 minutes. 
The series itself, however, had not yielded a good solvent 
system, for none of the solvents had given even as good a 
separation or differentiation as that which had already been 
given by the preliminary acetone runso The attempts with 
acetone had bee.n made to check on stability of plate 
activity, but more careful observation of the results, 
especially that shown in Figure 7, .page 40, showed that there 
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was a relationship between relative position of the platinum 
metals in the periodic table and degree of transport by the 
acetone, as shown: 
Ru III 
Os III 
Rh III 
Ir III 
Pd II 
Pt IV 
Furthermore, the mixture of all six cations was separated 
into three somewhat distinct areas by the acetone solvent. 
These results appearing promising, it was decided that 
acetone should serve as the major component in a solvent 
system, and that other solvents or reagents would be added 
to it to enhance both differentiation between spots and 
separation of the mixture into its components. 
C. VARIATIONS ON ACETONE 
The first modification of acetone suggested itself 
from the work of Takitani (91), who had separated some cations 
using acetone - 3N HCl (99: 1) as a solvent systemo 1fuen 
this solvent system was used for the separation of the 
platinum metals, no differentiation or separation resulted, 
as shown in Figure 17. 
Since benzene is higher in the eluotropic series, it 
was felt that addition of benzene ·to acetone would cause the 
solvent system to be less polar,· and would thus decrease the 
degree of transport of the polar platinum metal salts. 
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ACETONE VARIATION I: ACETONE-3N HCl (99: 1). LAYER: SILICA GEL HR AIR 
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perhaps differentially. Accordingly, a benzene-acetone 
series was undertaken, with the following volume-to-volume 
ratios: 
benzene 50 25 15 5 4 2 
acetone 50 75 85 95 96 98 
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The results of the first and last attempt .in the series are 
shown :tn Figures 18 and 19. Figure 18 shoNs that the 
presence of benzene did decrease the Rf values, as expected, 
but that 5o% was an overwhelming volume percentage, and all 
Rf values were approximately zero. Figure 19 shows that 
with only 2% by volume of benzene, there was good differen-
tiation and even some separation of the equirnolar mixture, 
but the presence of tails on the ruthenium osmium, rhodium 
and iridium showed that this solvent system held little 
promise of a good separation, and it was therefore abandoned. 
It was then decided that acetone would be mixed with 
a solvent that was lower on the eluotropic series, such as 
water.· This addition should theoretically mal-<:e the solvent 
system more polar and transport the polar platinum salts to 
a greater extent. Both 5% and 10% by volume of water were 
added to acetone in two separate attempts. The lov-1er 
percentage caused little visible change, but the higher 
percentag~ shown in Figure 20, did give increased Rf values, 
as expected. Some of the spots were elongated, and Rf 
ranges were generally high and not well-differentiated, but 
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the equimolar mixture of all six platinum metal chlorides 
gave three distinct colored areas vrhen sprayed with a 
locating agent. Parenthetically, it may be noted that the 
search for a good solvent system was paralleled by a search 
for locating agents; these results are discussed later. 
The results with acetone containing 10% by volume of 
water were thus promising, but now some means of depressing 
Rf values was needed. It was hoped that the addition of an 
organic complexing agent to the solvent system might cause 
some or all of the platinum metal -chlorides to form less 
polar com~lexes, thus depress~ng their Rf values. A recent 
article by Thoma (94) suggests that solvent components be 
selected to cause changes in solutes, and in addition points 
out that it is often more profitable to study variations in 
solvent proportions th~ in solvent components. The choice 
of ethanolamine _as a complexing agent was thus made on the 
basis of convenience; it was available in pure form as a 
liquid that was fairly inexpensiveo Subsequent experiments 
calling for accurately-measured amounts of the complexing 
agent showed that the ease and safety with which ethanolamine 
could be pipetted was a definite asset. 
Figure 21 shows that the addition of 1% by volume of 
ethanolamine to acetone had little noticeable effect (of. 
Figure 7, page 39), but 10% by volume of ethanolamine 
depressed all the Rf values except that of platinum, as shovm 
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in Figure 22. It was also possible to detect a separation 
of platinum IV and palladium II spots from the mixture. 
Up to this point, then, it had been seen that the 
addition of water to acetone had increased Rf values, and 
the addition of ethanolamine to acetone had decreased Rf 
values. Seiler• had reported (81) ths.t in separating certc:tin 
cations· .it was found that the inclusion of a small container 
of ~tmter in the developing tank was helpful. Since experi-
mental results had previously shown that ~ater in the solvent 
helped increase Rf values, the 99:1 acetone-ethanolamine 
solvent was used again, this time with a small beaker of 
water in the tank. The results are shmqn in Figure 23. The 
comparison of this figure with that of Figure 21 shows that 
the water increased the Rf values of rhodium III, palladium 
II and platinum IV, leaving the rest essentially the same. 
Differentiation was thus achieved, and in addition it was 
possible to detect a separation of the mixture into three 
distinct areas. It was noticed thB.t the areas were not well 
separated, but it was felt that better separation could be· 
achieved by varying one or more of the componenets carefully. 
In order to insure reproducibility of results and minimize 
variation of Rf values due to fluctuation of relative 
humidity in the developing tanks, water would be added di-
rectly to the solvent system rather than merely being placed 
in a beal(er inside the tank. All indications were that a 
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solvent system had been found that would achieve the separa-
tion desired: acetone-ethanolamine-water. 
D. LOCATING AGENTS 
Durin~ the preliminary studies, and in the early 
attempts to find a suitable solvent system, the mixture of 
the platinum metal chlorides was only ra~ely separated into 
its components, and the individual spots were usually 
transported as spots, and their natural colors made them 
easily visible. But as the solvent system was modified, 
separations of the mixture became more frequent, and in addi-
tion the spots of the hydrated platinum metal ions lost 
their characteristic colors when subjected to the new solvents, 
or so decreased their color intensity as to be invisible. It 
thus became necessary to institute a search for locating 
agents that would impart a characteristic color to each of 
the different platinum metal ions. A number of suggestions 
from books and articles (cfo page 27) were attempted, but it 
soon became clear that the characteristic colored results 
obtained with complexing agents in aqueous solutions or even 
in paper chromatography could not be expected in thin layer 
chromatography on silica gel. The references nevertheless 
served as a first approximation· of vThat to expect, and it 
only became necessary to see if the characteristic colors 
actually appeared when the platinum metal ions were on silica 
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gel,. 
Ruthenium III was visible under all the solvents used, 
without the use of any locating agent; its dark brown-black 
color could easily be detected through the walls of the 
developing tank, usually about one or two centimeters from 
the starting point. Occasionally, when palladium II traveled 
as a well-defined spot, it too could be detected as a pale 
yellow area about half-way towards the solvent front. Even 
when it disappeared during development, the palladium II 
spot remained so well defined.and formed colored complexes 
with locating agents so easily that identification was no 
problem. Locat-ion of platinum IV was also easy, for the 
same reason. Thus three of the six cations presented no 
locating problems, the one because of its natural color and 
the other two because of colors imparted by locating agents. 
Osmium II'I presented apuzzle because it was the only 
cation \'J"hich gave two spots--a darl{ brown lower one which 
remained near the starting point, and another which traveled 
with the solvent front (Figure 20, page 58) and which usually 
became visible only after a locating agent was used. Since 
the presence of two spots can be taken to mean the presence 
of two separate chemical components, and since a common 
method of preparation of osmium III chloride results in the 
production of osmium IV chloride as well, the suspicion grew 
that the sample supplied by K & K Laboratories was actually 
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a mixture of the two chlorides~ To determine whether the 
lower or upper spot vras due to osmium III, a 0.1 M solution 
of osmium IV was chromatographed along with the "osmium III" 
sample, and it was fonnd that the lm-rer spots of the two 
chlorides were identical in terms of both Rf value and color~ 
This meant that the lower osmium spot vras osmium IV and the 
upper osmium spot was osmium III, and that an unexpected 
separation had already been accomplished. It was found that 
thiourea gave a pink color with osmium III~ 
·Rhodium III and iridium III presented locating problems 
both because they did not form colored complexes as easily 
as.do palladium II and platinum IV, and because they traveled 
as elongated areas of lower concentration rather than circular 
well-defined spots of higher concentrationo A number of 
complexing agents were tried as locating agents, with no 
success. Success was found in a dramatic example of the 
difference bettveen colored complexes in aqueous solution and 
on silica gel adsorbent when 5 .. 25% aqueous sodium hypo-
chlorite, a reagent which gives good spectrophotometric 
results, was used in ru1 attempt to locate rhodium III~ The 
rhodium III area remained colorless, but an iridium III spot 
which was on the same plate turned a pale grey-blue~ It was 
later found that benzidine served as an even better locating 
agent for iridium III~ 
The pa·per-chromatographic study by Bagliano previously 
. I 
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cited showed that iridium III and IV gave colored complexes 
with tin in hydrobromic' acid. On silica gel G no color was 
formed Y-rith iridium III when this locating agent was used, 
but rhodium III gave a light orange color. Since it was 
the most definite color obtained with rhodium III, tin in 
hydrobromic acid became the standard locating agent for 
rhodium. 
A number of the more successful results of the search 
for locating agents.are shown in Table IV. By way of summary, 
the following locating agents were judged best: .ruthenium 
III - none needed; palladium II and platinum IV - benzidine, 
or tin in hydrobromic acid; osmium III ~ thiourea; rhodium 
III~ tin in hydrobromic acid; iridium III- benzidine.with UV. 
E. ETHANOLAMINE VARIATIONS IN THE SOLVENT SYSTEM 
The decision had been made to have the solvent system 
be composed of acetone, ethanolamine and water; acetone was 
the major component because it gave a differentiation in Rf 
values, ethanolamine was included because it depressed the 
movement of the cat ions of lov-rer Rf values, and water was 
added to increase the degree of transport of the cations with 
high Rf values. . Thus the two additions to the acetone 
component were added to veritably pull the spots apa~t in the 
rudimentary separation achieved by the acetone alone. The 
problem now became one of so varying the proportions of each 
TABLE IV 
COLORS OF THE PLATINUM METAL IONS WITH CERTAIN LOCATING AGENTS# 
Locating 
!gent Ru III Os III Rh III Ir III 
none; on gel dk .. brown dko brown pink none 
benzidine+ UV dko brown none pink violet 
thiourea dk.. brovr.!l pink pink none 
rubee..nic dko brown none yello1-r tan 
NaOCl'lf+ UV tan none yellov-r lto blue 
Sn/H01 ?r* olive none yellow none 
Sn/HOl*~ tan none 1 t., orange none 
NaCNS dko brow.a. none orange none 
# prepared as 1% solutions in methanol, except as noted 
* the 5 .. 25% solution available as 11 Clorox 11 
Pd II 
-
lto orange 
yellow 
lt .. yellow 
orange 
orange 
orange 
tan 
orange 
** 5 gre~s tin in 25 ml .. concentrated acid, plus 25 ml. methanol 
Pt IV 
none 
dko blue 
tan 
wine 
none 
yello11" 
orange 
yellow 
0\ 
(X) 
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as to best achieve the maximum separation. 
Since it would be difficult to vary the amounts of all 
three components and extract meaningful data, the volume 
percent of water was fixed. A re-examination of the acetone-
water variations showed that 10% by volume of water gave a 
high Rf value for platinum IV but still allo'tlred enough room 
between it and the solvent front for the osmium III spot. 
Since all other spots had lov-rer Rr values, 10% by volume of 
water was fixed upon. The acetone-ethanolamine variations 
with ethanolamine ranging from 1% to 10% had shown that this 
range of ethanolamine had a retarding but not overwhelming 
depressing effect upon Rr values. A series of runs was thus 
instituted with acetone-ethanolamine-water as the solvent, 
holding water at 10% by volume and allowing ethanolamine to 
vary up to a maximum of 10% by volume. To this point in the 
study, duplication of experiments was not common practice, 
but as better and better solvent system proportions were 
found, duplication of runs became standard procedure, not only 
to check on accuracy of results, but also to continue the 
search for good locating agents. The'best results of the 
11 ethanolamine variation in the solvent system" series are 
shown in Figures 24, 25, 26, and 27, co~responding to 2.5%, 
5%, ?.5% and 10% ethanolamine by volume. The results, 
including a 11 0% 11 ethanolamine run taken from the chromatogram 
shown in Figure 20, page 58, are all summarized in Table V 
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ETHANOLAMINE VARIATION IN THE SOLVID~T SYST~i IV: ACETO~ETHANOLAMINE­
WATER (80:10:10)o LAYER: SILICA GEL HR AIR DRIED. LOADING: 2 ~1 
Oo1 M CHLORIDE SOLUTIONS, 4 ~1 OG016 M MIXTURE. LOCATING 
AGENT: 1% METHANOLIC BENZIDINE, NH3, UV, Sn/HClo 
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and the graph in Figure 28 .' 
The most distinctive new feature of the chromatograms 
was the appearance of an irregular horizontal line between 
Rf = 0.00 and Rf = 1.00, corresponding to a second solvent 
front termed a ";3 -front." This phenomenon is commonly found 
whenever a solvent system is composed of two or more 
components, and is generally attributed to what is termed 
"solvent de-mixing," i.e., separation of solvent components 
due to differing adsorption coefficients. A good discussion 
of this aspect of thin layer chromatoraphy is found by 
Brenner, ll al., in Stahl's handbook (12). For the purposes 
of this study it was enough to know that the Rf value of the 
(-3 -front was reproducible. 
Figure 28 shows the effect of increased ethanolamine 
concentration on Rf values of the cations. It was seen 
that the R values of Os III and Ru III remained essentially 
f 
constant, the Rf value of Pt IV increased gradually, and.the 
values for Rh III, Pd II and Ir III decreased sharply, the 
last two decreasing approximately parallel to each other. 
The best differentiation that is apparent in the figure is 
that Pd II is pulled sharply away·from Pt IV, but that as 
the ethanolamine concentration approaches higher concentrat-
ions the Pd II spot is crowded close to the Ir III and Ru III 
spots in the region of low Rf values. Differentiation 
between cations can be judged by the vertical distance 
TABLE V 
VARIATION OF Rf VALUESWITH ETHANOLAMINE CONCENTRATION 
Acetone-
Ethanolamine- Rf' Value of' Platinum Metal Cations 
Water 
(m.l/ml/ml) . 
Ru III Os III ·Rh III Ir III Pel II 
90/0/10 0.09 0.93 Oo73 0.61 Oo81 
87 .. 5/2o5/10 0.,08 0.,94 Oo53 0 .. 36 0 .. 65 
85/5/10 0 .. 05 0.97 o.4o 0 .. 30 0 .. 48 
82 .. 5/7.5/10 o .. o4 0 .. 95 0 .. 13 0.,15 0 .. 30 
80/10/10 0.,03 0.98 0.09 0.19 0 .. 25 
Pt IV 
0.72 
0 .. 77 
0.79 
Oo82 
Oo90 
~ 
\Jl 
Rt 
1 ~0~' l • • • W Os III 
Pt IV 
0.8 h. ~ 0 -o- 0 -
<::: 
0.6 
Oo4 
Oo2 
:;:o 2 4 6 8 
Volume % ethanolamine 
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between the lines at any given ethanolamine concentration, 
and it will be seen that the vertical distances are greatest 
in the vicinity of 2o5% ethanolamine by volume. Since 
differentiation was greatest at 2.5%, separation of the 
mixture should also be greatest at this value, and this can 
be seen to be true in Figure 24, page 70~ 
To examine separation more carefully, new experiments 
were run with ethanolamine concentrations slightly above and 
slightly below 2.5% by volume, in order to maximize separa-:f;iono 
Figures 29, 30 and 31 show the chromatograms obtained with 
2%, 3% and 4% by volume respectively. It was found that 2% 
ethanolamine resulted in four spots blurring into each other, 
4% ethanolamine depressed the palladium II spot too close to 
the ruthenium, and the 3% ethanolamine gave by far the best 
separation. The 87:3:10 volume ratio of acetone-ethanolamine-
water thus became the standard solvent system. 
Figure 30 shows the separation of only four of the six 
platinum metal ions, with ruthenium III and iridium III 
missing, but the same chromatogram shows the iridium spot 
just above the P-front, so that it was expected that with the 
proper locating agent the iridium III would be found between 
the rutheniunl III and the palladium II spots. The chromato-
gram also showed rhodium III as an elongated spot with edges 
both above and belovr the palladium II spot, but gives no 
indication as to "1-rhether, in the separation of the mixture, 
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it would appear below or above the palladium. Other 
chromatograms, however, including that sho1m in Figure 31,. 
had sho1m the rhodium III as an area between the ruthenium 
III and palladium II. 
With the identification of rhodium III and iridium III 
being merely a matter of the proper use of locating agents, 
and with the other four cations having already been separated 
and identified, the successful separation and identification 
of the platinum metal ions now seemed assured. 
CHAPTER VII 
OONOLUSION 
Of those solvent systems tested, the best one for the 
separation of the platinum metal ions had been found, and 
effective locating agents had also been discoveredo It only 
remained to combine the two strands of the studye 
An ideal solution to the problem would have resulted 
had a solvent system been found which carried along each 
cation as· a well-defined spot, with space between each spot 
and Rf values evenly distributed between o.oo and 1.00. 
Similarly, an ideal locating agent would consist of one 
reagent which gave six different and easily distinguishable 
bright colors, one for each cation. Science generally, 
however, deals with the real world as it is found, and 
accepts and even accounts for conditions less than ideal. 
The result of this study, then, is a less-than-perfect 
separation and identificatione Some of the spot areas tended 
to run into each.other, and the rhodium III and iridium III 
zones were located as ·diffuse areas rather than well-defined 
spotso In addition, three separate locating agents had to be 
used; benzidine with ultraviolet light to locate iridium III, 
thiourea, tin.in hydrobromic acid, and tin in hydrochloric 
acid in sequence to locate osmium III, and tin in hydro-
bromic acid to locate rhodium III. The use of three separate 
locating agents necessitated spotting the mixture of cat-
ions in three separate equidistant locations, and, after 
development. required 'protection of the other two-thirds 
of the chromatogram with a plain glass plate as each loc-
ating agent was sprayed on. 
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The final 'chromatogram, presented in Figure 32, 
shows that platinum IV, palladium II, and ruthenium III 
all can be detected in each of the three chromatogram 
areas, and'that iridium III is detected by benzidine with 
UV on the left of the chromatogram, osmium III is detected 
by thiourea, Sn/HBr and Sn/HOl in the center portion of 
the chromatogram, and rhodium III is detected by Sn/HBr 
on the right side of the chromatogram. Thus the chromato-
gram shows all six of the platinum metal ions, and the 
desired resolution of the mixture has been achieved. · 
Development time was ~3 minutes, and the migration 
sequence found vras Os III > Pt IV > Pd II > Bh III > 
Ir III > Ru III. 
I ·.;·· -<--- .· 
Pt \} Pt I ~:~ 0 I 
J 
r ~ 'd 
\- ---....!. r . _:.--_ Rh v I 
/ \J 1- Ru /) I 
Pel Q. 
Ru Ru 
I - f I ~ I 
iridium detection I osmium detection area; I rhodium detection area; 
area; benzidine+UV thiourea, Sn/RBr,Sn/HCl Sn/HBr 
Al16 Ir All6 Os All6 Rb. 
FIGURE 32 
FINAL SEPARATION: DETECTION OF ALL SIX CATIONS. LAYER: SILICA GEL HR AIR 
DRIED. LOADING: 4pl 0.1 M CHLORIDE SOLUTIONS, 4~1 0.016 M MIXTUREo 
LOCATING AGENTS: AS SHOWN. TIME: 23 MINUTES. 
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CHAPTER VIII 
SUMMARY 
The separation and identification of the platinum 
metal ions by thin layer chromatography was studied. The ions 
were ruthenium III, osmium III~ rhodium III, iridium III» 
palladium II and platinum IV, each prepared as O.lM aqueous 
chloride solutions. The mixture to be separated was prepared 
from equal aliquots of these solutions, giving a solution 
0.016M in each of the six cations. 
Preliminary tests showed that silica gel G and purified 
silica gel G were unsatisfactory. Silica gel HR was then used 
as the adsorbent because of its freedom from cation impurities. 
The thin layer plates vrere air dried in the laboratory 
atmosphere, giving plates that were of a low activity that 
was constant for at least four days. 
A series of experiments using the solvents listed in 
an eluotropic series fixed acetone as the major solvent com-
ponent in a solvent syst.em, since it alone gave a different-
iation between platinum me"'Gal ion Rf values. Further trials 
showed that.water. added to the acetone increased Rf values, 
and that ethanolamine added to acetone decreased them. It 
was then found that a combination of all three components gave 
good differentiation of Rf values. The acetone-ethanolamine-
water· solvent system gave chroma"'Gograms with a f3 -front, but 
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the Rf values of the cations and the ~-front were constant 
for a given ratio of the solvent system components. Chrom-
atograms using various volume-to-volume ratios showed· that 
maximmn resolution of the mixture resulted with an 87:3:10 
ratio of acetone-ethanolamine-water. 
A number of reagents were used as locating agents, 
usually as 1% solutions in methanol. Colors obtained with 
the platinum metal ions on the silica gel adsorbent were not 
usually the same as those obtained in aqueous solutions. Of 
the locating agents tried~ benzidine with UV was fou:o.d to ·be 
best for detecting iridium III (pale violet color), tin in 
hydrobromic acid was best for rhodium III (light orange color), 
and thiourea followed by tin in hydrobromic acid and tin in 
hydrochloric acid was best for osmium III. (pink color). The 
presence of osmium IV ions i-J"as discovered, but this did not 
interfer.e with the detection of osmium III. Platinum IV and 
palladium II gave characteristic colors with many of the 
locating agents that were tried, hence they were easily·locat-
ed. Ruthenium III was always visible due to its natural 
color. The resolved spot areas for :platinum IV~ palladium II 
and ruthenium III were well spaced and clearly definedo All 
these factors make thi:s chromatographic method particularly 
suitable for the separation of platinum IV, palladium II and 
ruthenium III. 
The sequence of migration for the six cations using 
87 
the 87:3:10 mixture of acetone-ethanolamine-water was: 
Os III > Pt IV > Pd II > Rh III > Ir III > Ru III~ with the 
(3 -fronJG occurring just pelow the palladium II spot. The 
rhodium III and iridium III were Visible as diffuse regions 
between the well-defined palladium II and ruthenium III 
spots. 
To achieve the location of all six cations on one chrom-
atogram it was necessary to divide the thin layer plate into 
three areas of detection, placing a spot of the mixture of 
ions in each. After development~ one area was used for locat-
ing iridimn III, a second area was used for osmium III, and 
the third was used for detecting rhodimn III~ using the 
locating agent that had been found best for each ion. The 
other ions were visible in each of the three areaso 
BIBLIOGH.APHY 
1~ Ayres, G.H., ~· Che~.,£2, 1622 (1953). 
2. , B.L. Tuffl~ and J.s. Forrester, Anal. ~~,£7., 
-J7142744 (1955). -
3. 
5. 
6. 
7. 
8. 
10. 
"The B.D.H. Spot-Test Outfit Handbook," The British 
.Drug Houses, Ltd., London, 1962. 
Bagliano, G., l• ChrC?_matog ., 17, 168 (1965). 
Baily, K~C., "The Elder Pliny's Chapters on Chemical 
SubjecJcs, 11 .Arnold & Co,., London, 1929. · 
Bark, L .. s., R.J.T. Graham,and D. 1'-IcCormick, Talanta, 
~' 122-5 (1965) .. 
Baudler~ H.M. and M. Mengel, z. ~· ~., 206, 
8 (1964)" . -
Berger, J.A., G. Meyniel, and J. Petit, Compt. ~·~ 
225, 1116 (1962)8 
Berrp.an~ S. S. and vr .. A .. E. McBryde, Analyst,.§!, 566-70 
. (1956}. . 
Block, R .. J .. , E.L .. Durrum,and G .. Zweig, "A Manual of 
:Paper Chromatography and Paper Electrophoresis,"· 
Academic Press, New York, 1955, pp .. 313-14. 
11~ Bobbitt, J .M., 11 T'.ain Layer Chromatography, 11 Reinhold, 
Nevr York~ 1963. 
12. Brenner, M .. , A. Niederv-rieser, G. Pataki, and R. Weber, 
"Theoretical Aspects of Thin Layer Chromatoe;raphy," 
in Thin Layer ChJ::~~~to$raphX, E. Stahl (ed.), . 
Academic Press, New York~ 1965, p. 114. 
13. Brow.a., T.L. and J. Benjamin, ~· ~., 2£, 446 (1964-) o 
14. Buch tela, K. and M .. I,esigang, Iv!ikrochi1.:rrn. Ichnoanal. 
~t!, 67-74 (1965). 
15. Burger, K., ~· ~· ~~,192, 280 (1963). 
16. Clesceri, N .L. and G .. F. Lee, Anal. ~., 2.§., 2207 (1964). 
89 
17. Clifford, A.F., 11 Inorganic Chemistry of Qualitative 
Analysis," Prentice-Hall~' Englewood Cliffs, N.J., 
1961. 
18. Consden~R., A.H. Gordon,and A.J.P. Martin, Biochem. 
~.,~, 224 (1944). 
:1.9, O:J:>ow®~ M .. o•tJ•; Jp:.~.1·~· .Q)l .. <7!U•-cJ..l~ 8Ll·5 (l9L~l). 
20. Dallas, M.S.J., l· Chromatog.,11, 267 (1965). 
21. Davies, A,.G., G .. Wilkinson,and J.F. Young,.![. Ll:m• .Qh.§ll. 
22£.,Q2, 1692 (1963). 
22. Day, D.T., Congr. Intern. Petrole Paris,,l, 53 (1900). 
23. 
28 .. 
29. 
30. 
31. 
32. 
33. 
___ , 12:2.£. !ill· !'hll· .§.2_£ .. ,2§., 112 (1897) 0 
___ , Science,11,, 1007 (1903). 
Druding, LoFo, ~· ~., .2.,2, 1582 (1963) • 
___ , ~· ~ ... .2,2, 1744 (1963). 
Duffield, W.D .. , "Inorganic Ions," in Ch:romato ~:)hlc 
.~ Electrophoretic ,!eohn:t~ues, . Ivor Smith ed. , 
Interscience, New York, 19 O, P• 470. 
Feigl, F., 11 Spot Tests in Inorganic Analysis," 
Elsevier, New York, 1958. 
Fike, w.vr. and I. Sunshine, .!!1§1. ~., 21.~ 127 (1965). 
Gilpin~ J,.E •. and O.E. Bransky, .&!!• ~· .![o,±1, 251 (1910) 0 
and M.P .. Cram, !ill,. ~· .![., j-Q, 495 :(-1908). · 
and P. Schneeberger, !m• Chern. l.,2Q, 59 (1913). 
Heftman, E., "Chromatography{" Analo Chem. Annual 
Reviews» Part 1 (April 1964).---- ----
Hilton, J. and W .. B .. Hall, J .. dhromatog., 1, 266 (1962). 
Hranisav1j evic-Jakov1j evic, !-L,, I.. Pejkovic-Tadic, and 
K.,. J ako vl j evi c, Thin Law: Chroma to..e;,. Pro c • .§m o , 
Rome 1963, 221-4-rPUb:-l9b4T"1Eng.). ----
90 
36. ~-.' I. Pejlcovic-Tadic, and J. 1'-liljkovic-Stojanovic, 
-wfikrochim. Ichnoanal. ~,1, 141-3 (1965). . 
37. Hu, Chih-Te, K1 o Hsueh T1 ung ~.2,, 63 (1963). 
38. Izmailov, N.A. and 11.S. Shraiber, Farmatsiya,.2_, 1 
(1938). 
39. 
40. 
41. 
42. 
44. 
45 .. 
46. 
48. 
50 .. 
5lo 
52. 
53. 
Juret, R.S.,, "Gas Chromatograuhy," .Anal., Ohern. Annual 
Revi~, Part 1, (April 1961~) $ p. 45.R. -
Kao, Chia-Lung and Hsiu.,.Hua Chang, Hua Hsueh Hsueh Pao, 
.?.2 ( 6) ' 421-5 ( 1963) • ., - -
___ and Ming Sun, K'o Hsueh T'ung ~,,2, 431~ (1964). 
Kawanabe, K. , S. Taki tani, M. l.fiyazalci, and Z. Tamura, 
Bunseki l{agaku,l2,, 976 (1964). 
Kirchner, J.G., J .. M. Miller,and G.E. Keller, Anal. 
~., ~' 420 (1951). ii-
Klement, R .. and A,. Wild, !• ~· ~., 12_5, 180 (1963). 
Kopp, R., 11BrinkmanBibliography for TLC," Brinkman 
. Instruments, Inc., New Yorlc, April 1965.~. 
Kuenzi, P., J. Baeumle~ and JGI. Obersteg, ~· ~· 
" Ges. Gerichtl. Med .. , 52, 605 (1962). 
- --
Kv~n, R. and E. Lederer, Ber. dtsch. chem. ~.,&±, 
1349 (1931). . - -. 
·' A. Winterstein, and E. Lederer, Hoppe-Seyler's 
--:_=z-. -n"!;""h-ysiol. ~., 197, 11~1 (1931). 
Lederer, M., I· Chromatog., 1,, 279 (1958) o 
___ , I· pp.romatog ., ,1, 414 (1960). 
-o:-o-' "Inorganic Paper Chromatography" in Chrom-
atograph:i.c Reviews, .2,, l)hr-53 (1961). . 
___ and F. Clanet, ~· ~., iL_, 540 (1961) o 
, H. lviichl, Ko Schloegl, and A. Siegel, in 
-,w.:'H,.....a-·n-.;-d...-buch der Mikrochemischen," F. Hecht and M.K. 
Zacherl (eds.), Vol. III, Springer, Berlin, 196lo 
91 
54.. and s.K. Shukla~ J. Q..4_romatog .. , .§., 353 (1961). · 
55. Liu, ~ .. -L., ~ Hsueh T~un~ ~.z, 17 (1962). 
56. MajtUnda:r, A.K. and M.M. Chak:rabartty, .Anal. Chim. Acta, 
1§., 193 (1958).. - -
57. 14artin, A.J.?., EncJ.eavour,£, 21 (19lt·7). 
58. and R.L.M. Synge, m.ochem. ;!., 2,2, 1358 (1941). 
59 .. Ivieinha:rd, J.E. and N.F .. 'Hall, !lli::l• Chem.,g, 185 (1949). 
60. Tllellor, J.W., "A Comprehensive Treatise on Inorganic 
and Theoretical Chemistry," Longmans Green, New York, 
1936. . 
61.. Merlcus, F.vr.H.M., Pharm. Week~.,2§., 947 (1963). 
62. 14oghissi, A .. , ;I. C!J.romatQ£,., 12., 542 (1964). 
63~ Nascutiu, T., "Chromatografia pe hirtie a substantelor 
anorganice, 11 Editura Academiei Republicii Populare 
Romine, Bucharest, 1961. 
64. Pfeil, E., A. Friedrich,and Th. Wachsmann, ~· ~· 
~., 158, 429 (1957). . 
65~ Pantani, F .• and G. Piccardi, ~· Chim~ ~, gg,, 
231-6 ( 1960) 0 
66~ Pierce, T~B. and R.F. Flint, ~· .Q.b1m• ~,.21 (6), 
595-7 (1964). 
67. Purdy, S~J ~ and E. V .. Truter~ .Analyst, §I, 802 (1962). · 
68. Randerath, Kurt, "Thin Layer Ohrom.atography,n Academic 
Press, Inc., New. York, 196.lt·. · . 
69. ' £].· cit., p .. 7a 
70~ Reitsema, R.H., ~· ~.,££, 960 (1954). 
"'c 
71~ Rossel, T., ~" .Ana1yt • .Q.:hQrg.,1.21., 333 (1963) .. 
72.· S2.muelson, o;, "Ion Exchange Separations in Analytical 
Ohemistl"Y, 11 John Wiley, New Yorlc, 1963, pp. 399-l~03. 
73. Schloegl, K., Ho Pelouselc,and A. Mohar, Monatsh.,~,. 
533 (1961) 0 
92 
7L~,. Seiler, H,., £lillu ~· !£..~, i::,t, 1753 (1961). 
75., ' ~· QlL~• ~1 ±2 1 381 (1962)o 
76. 
77. 
78. 
79. 
80. 
81 •. 
82. 
83. 
84. 
85~ 
86. 
---' ~· Qh1rr1 .. &£.E, i£, 2629 (1963). 
-· ..... , in "Thin Layer Chromatography. A Laboratory 
l'lfJ.ual5ook," :m.. Stahl (ea..)~ Academic Press, New York, 
1965. 
--:---:---r.-' Ch. Biebricher, and H. Er1enmayer, ~· ~· 
-Acta,46, 2636 (1963). 
--
and W. Rothweiler, Helv. Chimo Aota,4L~, 941 
-ci'9bi'T. -- --
___ and M. Seiler, Helv. ~· ~,i2_, 1939 (1960). 
and M .. Seiler, ~· Qhbm• Acta,~, 939 (1961). 
Stahl, E., Pharma?~1 11, 633 (1956). 
___ , .Qhem.iker-Ztp;., .§g,, 323 (1958). 
___ , Pharmaz .. Rdsch., ,l, No. 2 11 1 (1959). 
(ed.), "Thin Layer Chromatography. A Laboratory 
"lia'iidbook," Academic Press, Inc. ,New York, 1965 • 
' 
.QJ2.. .2.,U .. , P• 3,. 
' 
£.:Q. 0 ill·' Po 136. 
' 
.2.12.• cit., pp .. 75-133 • 
90. Strain, H.H., "Chromatographic Adsorption .Analysis," 
Interscience Publishers, Inc., Neif York, 19L~2. 
91. Taki tani, S., :rvr. Fukazawa, and H. Hasegaifa, Bunseld 
~~gak~,~' 1156-61 (1963) .. 
92. ·.. ···, s., No Fukuoka, Y. Iwasaki, and Ho Hasegawa, 
~Kag~,1.2,, LJ.69-71 (196L~) .. 
93 .. "Thin Layer Chromatography,u Technical Bulletin #22, 
:. Brinf"JIJ.an Instruments, Westbury, New York, November 
1962. 
I_--
94. 
95o 
Thoma, J.A~, Anal. 9Jle~ .. ,21, 500 (1965). 
Trappe~ W., Biochemo z., 305, 150 (1940); 306, 316 (1940). - ---
93 
96. Truter, E. V,., "Thin Film Chromatography," Interscience, 
New York, 1965a · 
99. 
100. 
101. 
102 .. 
103 • 
Tswett, M., Proc. Warsaw Soc. Nat. Sol., Biol. Sect., ];.:t, No.; 6 T190'3)-;--- - - - - . 
Turba, F., "Chromatographische Methoden in der 
Proteinchemie," Springer-Verlag, Berlin, 1954. 
Turina, s~, V. Marjanovic-Krajovan,and M. Obradovic, 
.Anal .. Chem .. , 36, 1905 (1964) .. 
---
Waldi; D., "Spray Reagents for Thin Layer Chromatography," 
in~ Layer 9~~a.~~~Ez, E. Stahl (ed.); Academic · 
Press, Inc., New or , pp. 483-502o 
Williams, Toi·~ "Introduction to Chromatography," 
Blackie & Son, Glasgow, 1947o 
Zabin? ·B.A. and C.B. Rollins, ~. Chromatog.,~, 534 
. (1964). 
